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INTBODUCTION
The treatment of fracture of the femoral neck is a major surgi*
cal problem.

It has long been recognised that the relatively1 limited

blood supply to the head of the femur may be damaged or completely
destroyed at the time of injury.

This is the reason for the high per*

centage of cases that fail to unite or that develop aseptic necrosis
and subsequent disintegration of the femoral head.
According to Hulth (13) the femoral head is supplied by branches
of the medial femoral circumflex artery and the obturator artery.

The

blood supply of the head is chiefly characterised by the prolonged intra*
articular course of the vessels, partly in folds of the synovial mem*
brane (the so-called retinaeular vessels), and partly in the ligamentum teres.

These vessels are thus easily exposed to damage.

Below and medially, the head has a metaphysial part which is sup
plied by the superior retinaeular vessels and the foveolar vessels.
The epiphysial part is supplied by the superior retinacula/ vessels
and the foveolar vessels.

The latter probably are of greater im*

portance than previously thought.

The vessel branches to the head

are comprised of parallel arteries and veins.
Judet et al. (2 2) studied the blood supply to the neck and head of
the femur using barium sulfate injected into the external iliac arteries
-1*

-2of cadavers recently deceased.

After injection the bone was sawed in

slices 0. 5 cm. thick, fixed in formalin, decalcified and x-rayed.

They

found the same vascular pattern in old age (80 years) as in 30 year olds.
Contrary to some opinions they found that the blood supply via the ligamentum teres does not diminish with age.
Trueta and Harrison (49) also worked with cadaver specimens in
jected with barium sulfate.

They found no evidence of the nutrient

artery of the femur extending its area of supply up to the metaphysial
region as others have so frequently stated.

Furthermore, they found

no change in the vascular pattern with age but do state that the artery
of the ligamentum teres may be negligible or absent in some cases.
This is an abnormal arrangement from birth and not a result of age.
They demonstrated the anastomosis of the medial epiphysial artery
with the ligamentum teres by the outflow of the injected media from
the artery of the ligamentum teres on injection of the medial femoral
circumflex artery.
In a later editorial (50) Trueta states that what changes with the
years is the density of the trabecular system of the femoral head and
neck which leaves the neck at the mercy of otherwise mild injuries,
especially rotation and adduction strains.

It is apparent that such

osteoporotic bones, in breaking will tear apart those vessels that
may stared in the way.

This is particularly true of those arteries

described under the name of external epiphysial arteries.

The ex

ternal epiphysial arteries are seriously exposed when the fracture

-3-

line comes closer to the lateral side of the head or when an extreme
degree of adduction has torn the lateral capsular attachment to the
neck.
Sir Watson Jones (21) says that transcervical fractures occur in
a dangerous region.

Capsular retinacula usually remain attached to

the proximal fragment but the blood supply they carry is precarious. *
If* for example, the fracture is not immobilized promptly by nailing
the fragments, unguarded movement may damage the remaining
vessels.

Forcible manipulation during reduction of the fracture may

be dangerous also.

A high subcapital fracture may lie above every

capsular attachment to the head; no matter what precautions are then
taken, the blood supply is lost to all parts of the femoral head, ex
cept sometimes in the region of the fovea.
In a series of 203 cases McCarroll (27) found aseptic necrosis
developed in 60 instances of patients followed for one year or more.
In this series of 203 cases there were 50 instances of nonunion. Many
of these occurred in conjunction with aseptic necrosis, but several
instances were encountered in which a nonunion persisted even though
the femoral head appeared to be viable.
Cleveland (8) reported a series of 100 patients, 12 of whom died
before union could have taken place and 6 of whom were lost to follow
up leaving 82 for complete analysis.

Eighty-three per cent of the

total number of patients were treated with internal fixation.
of these fractures were without displacement.

Nineteen

All of the fractures

•4 "*

without displacement united, only one showing any vascular changes.
Most of the complications arose in the remaining 63 patients with dis
placement.

Forty-nine or 77. 7 per cent of these 63 patients achieved

union, 12 of the 49 developed areas of aseptic necrosis.
of the total of 82 patients were considered failures.

Twenty-two

Twenty-five per

cent of the patients in this study showed areas of aseptic necrosis but
only 5 of the 13 showed evidence of disability from this complication.
Completely satisfactory results were obtained in 67 per cent.

Con

sidering only those with displacement 57. 2 per cent achieved com
pletely satisfactory results.
DeHaas and MacNab ( 9 ) summarise the reported incidence of
avascular necrosis of the femoral head following fractures of the femo
ral neck as being from 15 per cent to 40 per cent.
If at the time of surgery the orthopaedic surgeon could predict
which patients are likely to develop avascular necrosis and hence ob
tain a poor result, he would be able to save these patients many months
of convalescing time*

Boyd {3) points out that the diagnosis of avascular

necrosis is made wither by roentgenographic examination or by histo
logical examination.

Twenty per cent or more of the bone calcium

must be removed before the change in density becomes apparent in
the roentgenogram (24).

The former cannot usually be made until

nine months to two years 4fter the time of fracture, the latter is only
practical after the femur head has been removed.
Boyd (3) used radioactive P

32

in an attempt to predict the via-

«*

bility of the femoral head.

The P

32

was injected intravenously and the

counts made with a Geiger-Muller tube shielded so, presumably, only
the part inside the femoral head was receiving beta ray®.

He point®

out that the degree of radioactivity of bone after the intravenous injeetion of P
bon®.

32

is not necessarily a measure of the blood supply of the

The injected P

32

in the form of a buffered phosphate solution

readily diffuses into the interstitial fluid and is distributed in the
various body compartments in proportion to the phosphorus occurring
naturally (P

31

).

The amount of P

32

factors including (1) the amount of P
diffusion of the P

32

in the bone depends upon many
32

in the blood, (2) the amount of

into the interstitial fluid, (3) the amount of ex
32

change of interstitial P*
and (4) the amount of P

32

and P

31

on the surface of the bone crystals.

incorporated into bone by metabolism.

Tucker (51) in 1950 removed the specimens by biopsy and did direct
counts on the ashed specimens.

Boyd had not followed his patients for

a long enough period of time to predict whether his method had great
value or not.
And® s Hulth (18) has done coasiderable work in determining re
sidual vascularity by the use of a radiopaque media injected into the
femoral head and the venous drainage determined by x-ray.

He says

that in order to obtain a filling of the veins of the head in the retin
acula and ligamentum teres, the contrast must be prevented from
flowing into the neck.
neck is the result.

When the latter occurs a venography of the

A satisfactory vein filling may b© obtained if 2 ml.

-6of 50 per cent or 3 ml. of 35 per cent contrast is used.

After the ye-

nography photograph was made he attempted to aspirate as much of the
contrast as possible and then injected 1 ml. of saline to dilute and
wash out the contrast.
Hulth states that the valgus fractures tend to have a better re
maining circumflex vascularization.

The varus fractures ordinarily

have only partially retained circumflex vascularization and this is
limited to the inferior retinacular vessels.

The varus fractures have

instead teres vascularization.
This author gives a follow-up study of 45 cases of certain posi
tive and negative venographies.

All cases having negative venographies

developed necrotic manifestations.

Moreover, one-third of the cases

with positive venographies also developed signs of avascular necrosis.
There are two different types of necrosis which occur in the two groups.
however.

Total avascularity in a head fragment is primarily manifested

in the fracture region itself.

Changes in the fracture position or re

sorption of the distal part of the head occur with ploughing or penetration
of the nail, respectively, as a result.

Under favorable conditions,

especially in valgus fractures, healing occurs without resorption and
the necrosis is then manifested as a collapse of the upper portion
of the head or as changes resembling arthritis deformans.

Partial

avascularity usually results in infarction of the upper part of the head
after healing of the fracture.

In the majority of the varus fractures

this part of the head is inadequately supplied.

Teres vascularization

.7of a head fragment alone may be sufficient for the survival of the frag
ment and the healing of the fracture.

There is a great risk that the

blood supply will not reach the fracture area, however, valgus
fractures with an avascular head fragment tend to heal normally.
Varus fractures with avascular head fragments show a poor tendency
to heal.

Only 1 of 8 of this type of fracture healed normally.

Hulth states that as a routine method the intra-osseous veno
graphy of the head to a certain extent makes possible the application
of a selective mode of treatment depending on the result of the veno
graphy.

(1) In positive venographies (especially in circumflex veno

graphies and in all valgus fractures) common methods of osteosyn
thesis yield good results.
is to be preferred.

A prolonged period of nonweight bearing

(2) In negative venographies (or in poor teres

venographies) a considerably better stability is required than that
afforded by the usual nailing methods in order to obtain a certain
healing of the fracture.

How much stability may be achieved, if this

is at all possible, is difficult to say.

He thinks there is much to indi-

cate the suitability of a combination of nailing with bone grafting.
Primary application of a head prosthesis in cases of negative veno
graphy may be used, especially in older patients.

Factors which

contraindicate the primary use of a head substitute are partly that
the final result of this method is unknown and partly that total ne
crosis of the head does not necessarily bring about a poor functional
result as long as healing of the fracture is achieved.

-Q-

DeHaas and KlacKab (9) have also experimented with radiopaque
media injected into the femoral head as a test for remaining vascu
larity.
tried.

They found that Biodrast was the least toxic of the media they
Theirs is a preliminary report since it had been employed for

only one year at the time of their writing.
McGinnis, Lottes and Reynolds (SI) studied the circulation about
the hip using femoral arteriography to demonstrate vessels that might
contribute to the circulation of the femoral head*
as well as the affected side was studied*

The unaffected side

They did bilateral femoral

arteriograms on H patients using 50 ml* of 35 per cent myokea in
jected into the femoral artery just below the inguinal ligament*
There were no reactions or complications to the procedure.

Of

the 8 cases showing evidence of decreased flow of the posterior
collum branch, one obtained union without complications and was
symptom free six years after operation.

The other seven had compli

cations of either aseptic necrosis or non union or both.

They sug

gest that a much greater number of cases must be followed before
conclusions of a prognostic nature can be drawn.
Miles (3 3) has studied the intrame dollary pressure of the femo
ral heads of over 30 patients by means of the introduction of needles
into the femoral head and the attaching of these needles to various
manometers.

Special manometers were used to record the pressures

in several instances; but, in ordinary circumstances, the needles
were attached to spinal fluid manometers.

The needles were intro-

-9duced into normal femoral heads, as well as femoral heads after re
duction of dislocation of the hip.

The needles were also introduced

proximal to femoral-neck fractures and intertrochanteric fractures.
Miles observed wide variation in the pressures within the femo
ral heads.

They were as high as forty to fifty centimeters of saline.

He thought that more important than the measurement of pressure was
the presence or absence of fluctuations within the manometers.

These

fluctuations correspond exactly to the arterial-pulse pressure and
rate.

The pressure and fluctuations were not affected by the various

types of anaesthesia utilized.

He stated that a number of the patients

had been followed sufficiently long to make possible the correlation
of the presence or absence of these fluctuations with the subsequent
roentgenographic appearance of the femoral head.

In several patients

with active fluctuations, subsequent roentgenograms demonstrated
viability of the femoral head.

In several other patients without

fluctuations, subsequent roentgenograms demonstrated necrosis of
the femoral head.
The present study is an attempt to determine some of the bio
chemical changes that take place in the contents of the femoral head
when it is devascularized.

Since the contents are a mixture of cancel

lous bone and bone marrow it would be expected that a great variety
of biochemical constituents would be present.

The long range goal

is to find some labile compound that changes concentration rapidly
when the femoral head is devascularized.

It is hoped that the test for

*10such a compound might aid the orthopaedic surgeon as to his choice of
procedure in caring for fractures of the neck of the femur.
This study is limited to the iiri.Yestiga.tlon of three compounds: lactic
acid, glutathione and alkaline phosphata.se*
Since lactic acid Is an end product of glycolysis or anaerobic
metabolism it would be logical to suppose that if an organ were de
prived of onygen by the lose of its blood supply lactic acid would ac
cumulate*
Cartier (6) found that the lactic acid content in rabbit bone as cal
culated on a dry weight basis decreased with age from 0* ZS per cent
at a weight of 130 gm. to 0. 1 per cent at a weight of 700 gm*

Sine©

young bone has over 3 times the water content of mature bone (37)
this apparent decrease in lactic acid with age might not be a real
decrease but merely a reflection of the higher content of dry matter.
thereby making the lactic acid per unit of dry bone less.
Babbit epiphyseal bone marrow lactic acid production has been
shown to increase most markedly at oxygen tensions of 1 per cent (19).
letter (ZS) stated that in post mortem blood samples there is an
irregular rise in plasma lactic acid during the first 12 hours and that
all values for plasma cell lactic acid were greatly elevated above nor
mal.
Lutwak-Mann (26) in her studies on phosphorus metabolism in
bone marrow determined the glutathione content of the marrow in
rabbits

rats and found that on irradiation it went from 165 mg.

-11per 100 gm. to 115 mg. per 100 gm.

Grimert and Phillips (13) report

values for the rat, chick, pig and dog blood glutathione levels and the
rat liver glutathione level.

The dog has a much lower glutathione

level than the rat or chick.

The value being 12. 6 mg. per 100 ml. of

blood as compared with 33. 8 and 65. 8 mg. per 100 ml. of blood re
spectively.

Morten sen et. al. (34) report dog blood glutathione as

being about 30 mg. per 100 ml. of blood.
Much more work has been done with the alkaline phosphatase
content and localization in bone tissue.
and cytoplasm of the osteoblast.

It is present in the nucleus

McClean (28) says phosphatase is

not found in bone matrix, either calcified or uncalcified, but is found
in endosteum and in the linings of vascular and marrow spaces.

In

ossifying cartilage the first granules of bone salt are found in the
centers of the phosphatase positive areas.

Ever since 1923 when

Robison announced that he had found an enzyme in the ossifying
cartilage of young rats and rabbits which rapidly hydrolyzed hexosemonophosphoric acid, yielding free phosphoric acid, it has been
thought by some that this enzyme was critical in the calcification process.

To this date nature has not revealed to man the secret of calci-

fication but it seems well recognized that it cannot be a simple splitting
off of phosphoric esters.

It has been shown by Bourne (1) that phos

phatase is involved in the process of healing of 1 mm. holes bored in
the femur and in the skulls of guinea pigs.

Within 24 hours intense

activity was shown by the periosteum surrounding the injured area.

-12Maffei (25) has shown that the cochlea and trachea of guinea pigs
subjected to experimental anoxia showed a decreasing alkaline phos
phatase.

EXPERIMENTAL
For this series of experiments mature male and female dogs were
used.

An attempt was made to secure dogs weighing over 20 kg.

Animals of this size were needed in order to obtain sufficient material
for analysis.
The animals were anesthetized with nembutal, 35 mg. per kg. of
body weight, given intravenously.

The hind quarter was prepared by

clipping the hair, scrubbing the area with zephiran and draping with
sterile towels.

A dorsolateral approach to the hip joint was made using

a four inch curved incision centered over the greater trochanter.

The

fascia lata was divided and the biceps femoris retracted posteriorly
and the tensor fascia lata anteriorly.

The superficial gluteal, the

gluteus medius and the gluteus minimus were severed from the tro
chanter near their insertions and retracted posteriorly and medially
thus exposing the capsule of the hip joint.

The capsule was entered

with a cruciate incision which was then extended about the circum
ference of the acetabulum as far anteriorly and posteriorly as could
be reached.
Devascularization of the femoral head was performed by cutting
the ligamentum teres and transecting the cervical neck of the femur
as shown in Fig. 2,

Any remaining capsular reflections were then
-13-

-14\

Fig. 1.

Fig. 2. Dog femur showing
transcervical fracture of the
femoral neck.

Dog femur, posterior view

-15severed with scissors or a scalpel.

The gluteal muscles were re

attached and the wound closed in layers.
These animals were sacrificed at periods ranging from 35 minutes
to 59 hours after surgery.

Both femoral heads were removed at this

time, the fractured one to be known as the test specimen and the other
to be known as the normal control.
Immediately after removal of the femoral heads the contents of
the metaphysis as illustrated in Fig. 3 was scraped using a curette.
These scrapings were made on dry ice so that the state of metabolism
would not change significantly during the test period.
consisted of cancellous bone and bone marrow.
a low temperature in a dental Wiggle Bug.

It was pulverized at

The specimen was shaken

approximately 3 minutes in the dental Wiggle Bug.
moved from the capsules and refrozen.

The material

It was then re

It was weighed in the frozen

condition.
The lactic acid determinations were done by the method of Barker
and Summer son (16).

The glucose and other interfering substances of

the filtrate were removed by the Van Slyke-Salkowski method of treat
ment with copper sulfate and calcium hydroxide.

It was later deter

mined that this step was unnecessary when working with this type of
material.

A report of these experiments will follow.

An aliquot of

the resulting solution was heated with concentrated sulfuric acid to
convert lactic acid to acetaldehyde which was then determined color!metrically by reaction with p-hydroxy diphenyl in the presence of copper

-17ions.
From 0. E to 0. 4 gm. of the frozen material was weighed and a pro
tein free filtrate made by adding enough distilled water to the material
to make a total volume of 8 ml.

One milliliter of 10 per cent zinc

hydroxide and 1 ml. of 0. 5N NaOH were added.

This was shaken

vigorously using a parafilm covering on the tube.

It was allowed to

stand a few minutes and then filtered.
A blank and standard were run with each set of determinations.
Graduated 15 ml. centrifuge tubes were used.

To the blank tube was

added water, to the standard tube 5 ml. of lactic acid standard con
taining 0. 01 mg. of lactic acid per ml.
added 2 ml. of the protein free filtrate.
of 20 per cent copper sulfate.

To the unknown tubes were
To all tubes was added 1 ml.

All tubes were then diluted to the 10 ml.

mark and approximately one gram of powdered calcium hydroxide
added.

They were shaken vigorously and allowed to stand one half

hour, being shaken at least once in the interim.

The tubes were then

centrifuged and 1 ml. of the supernatant placed in a clean dry test
tube with an internal diameter of about 22 mm.

All tubes received 1

drop of 4 per cent copper sulfate and 6 ml. of concentrated sulfuric
acid.

The acid was added slowly with vigorous shaking.

They were

placed in a boiling water bath for 5 minutes and then cooled in a tap
water bath.

One-tenth of a milliliter of the p-hydroxydiphenyl re

agent was added to each tube and mixed by lateral shaking.

Following

this they were placed in a 30 degree water bath for at least 30 minutes.

•ISbeing mixed by lateral shaking at least once during this time* They
were finally placed in a boiling water bath again for 90 seconds9 cooled
in tap water and read in a Klett Summer son photoelectric colorimeter
with a green filter.
The glutathione determinations were done by a modification of the
Grunert and Phillips method. (13)
The unknown sample was taken from the same pulverised prepa
ration as for the lactic acid determination. From 0, 2 to 0* 4 gm. of
this material was homogenized in a Potter JElvehjem homogenizer using
3 ml. of 3 per cent metaphosphoric acid and 1 ml. of distilled water.
After homogenising this was saturated with approximately 1. § gm. of
sodium chloride.

The specimens were centrifuged and filtered. A

blank and standard were run with each set of unknowns. The blank was
prepared by adding 2, 25 ml. of 2 per cent metaphosphoric in saturated
NaCl to 2. 35 ml. saturated NaCl and 0. 2 ml. saturated ethylenediamiaetetraacetic acid (SDTA). The standard was prepared by taking
0. 5 ml. of the standard glutathione solution containing 25 mg* of
glutathione and adding 1.7 mi. of 2 per cent metaphosphoric acid
saturated with NaCl* 2, 4 ml. saturated NaCl and 0. 2 ml. SDTA.
The unknown contained 2 ml. of the above described filtrate* 2. 6 ml.
saturated NaCl and 0. 2 ml. EDTA. These were all prepared in Evelyn
colorimeter tubes. Just before reading 0. 6 ml. of the sodium nitroprus side reagent and 0. 6 ml. of the sodium carbonate sodium cyanide
solution were added. The readings on the Evelyn colorimeter were

~ 19 made within 1 minute after these final two additions were made. A 520
mjx filter was used in the Evelyn colorimeter.

The readings must be

made within 1 minute after the addition of the last two reagents be
cause the color formed is quite transient.

The results are reported

as mg. of glutathione per 100 gm. of tissue.
The relatively large amount of EDTA used was necessary because
of the high concentration of calcium in this type of specimen.

Some of

the unknown specimens turned cloudy because of the precipitation of
calcium salts after the addition of the last two reagents even with the
0. 2 ml. of saturated EDTA.

In these instances it was necessary to

add more EDTA.
The alkaline phosphatase determinations were made using
p-nitrophenyl phosphate (Sigma Chemical Company, St. Louis, Mo. )
as the substrate.

(42).

The method as given by the Sigma Chemical

Company is for blood serum, so the method had to be modified for the
pulverized mixture of cancellous bone and bone marrow. Instead of
using 0. 1 ml. of the serum, 40 to 100 mg. of the pulverized specimen
were used in the incubation tube.

At the end of the incubation period

the material had to be centrifuged and filtered before being read.

The

Sigma unit represents the amount of phosphatase which will liberate
1 mM. of p-nitrophenyl per hour per liter of serum.
not comparable with other phosphatase units.

These units are

RESULTS and DISCUSSION
Eleven dogs are included in the group on which lactic acid determi
nations were made after total devascularization of the femoral head.
Nine of these have a control taken from the unoperated hip.

These 11

femoral heads were fractured and devascularized for periods ranging
from 35 minutes to 48 hours before removal and testing.

The results

are summarized in Table I.

Table I
Lactic Acid Determinations, Total Devascularization

Time after
de va s cular izati on
35 minutes
90

3 hours
13
16
17
24
24
24
48
48

Dog. No.
8
7
6
3

14
4
5
9*

Lactic acid, mg. / 100 gm.
tissue
Control
Test
18. 8
25. 8
17

52.5
84.5

23. 3

97
133
128
112. 5
118
113

10. 5
21
18.8

12

a. 6

2

18.4

1

95

92

116

♦This dog*s ligamenturn teres was not completely severed but
was thoroughly traumatized in the attempt to sever it.

It can be seen from Table I that there is an abrupt rise in the lactic
acid content that reaches more or less of a plateau in approximately 3
hours.

The 9 control specimens have a mean of 18. 4 mg. lactic acid
-20-

-21-

per 100 gm. of tissue with a standard deviation of 5. 07 and a standard
error of 1. 69.

The mean for the 9 test specimens taken after the lactic

acid has reached its plateau is 111 mg. lactic acid per 100 gm. of tissue
with a standard deviation of 14. 4 and a standard error of 4. 8.
Table H gives the results of the glutathione determinations made
after total devascularization of the femoral heads of 12 dogs.

Eleven

of these have controls from the unoperated hip.

Table 11
Glutathione Determinations, Total Devascularization

Time after
deva s cularization
35 minutes
90

3 hours
13

16
17
24
24
24
39

45
46

Dog. No.
8
7
6
3

14
4
5
9

12
13
17
16

Glutathione, mg. / 100 gm.
tissue
Test
Control
25
13. 5
24. 6
11.8

31. 9
22.7
14. 2
16.4
3. 96
2. 86

12.7

6.9

21. 6

4.5

18

2. 2
3. 02

25. 3

32. 8
32
29. 6

6. 3
1.44

The glutathione levels in the control range from 32. 8 mg. per 100
gm. tissue to 11. 8 mg.

The mean for the control specimens is 22. 5 mg.

per 100 gm. of tissue with a standard deviation of 7. 6 and a standard

-22-

error of 2. 3.
after 13 hours.

The glutathione content appears to level off some time
The mean for the test specimens starting with the 16

hour specimen is 3. 9 mg. per 100 gm. tissue with a standard deviation
of 1. 92 and a standard error of 0. 68.
Table in shows alkaline phosphatase determinations for 6 dogs.
The test specimens show a decreased alkaline phosphatase content
as compared with the control.

The amount of alkaline phosphatase

present at the time of testing appears to depend on the amount present
in the control.

The mean for the control is 20. 4 units with a standard

deviation of 6. 9 and a standard error of 2. 45.

Table HI
Alkaline Phosphatase Determinations, Total Devascularization

Time after
devascularization
35 minutes
90

24 hours
24
45
46

Dog No.
8
7
5

12
17
16

Alkaline Phosphatase
Control
Test
18. 6
15. 1
32. 6
22

15.9
17. 3
16.8
V
8. 5

13. 1

5. 3

20.8

3. 9

The results of the lactic acid determinations on the totally
devascularized specimens show that there is a marked rise in the
lactic acid content and that it occurs rapidly, reaching its plateau

-2,3in approximately 3 hours.
consistent.

The increase in lactic acid is obvious and

The mean of the controls and the mean of the test speci

mens differ by 93. Z mg. per 100 gm. of tissue.
The decrease in the glutathione content is definite but does not take
place as soon.

The glutathione content reaches a low plateau some time

after 13 hours and appears to remain at about this level.

This low

level of glutathione might be due to some compound other than gluta
thione as the Grunert and Phillips method for glutathione is not com
pletely specific for glutathione.
The alkaline phosphatase determinations on the test specimens show
a definite decrease as compared with the control specimens beginning
with the 24 hour specimen.
A series of 5 devascularizations of the femoral head were
attempted.

An attempt was made to fracture the neck and cut all the

blood supply except the ligamentum teres.

At the time of surgery it

is difficult to determine if all the vascular connections are severed
without traumatizing the ligamentum teres.

The results on these

partially devascular!zed specimens are shown in Table IV.
Dog No. 18 had only the ligamentum teres left intact.

Dogs No. 19,

20, and 21 had fragments of the inferior capsule still attached.

It can

be seen that in the first four specimens there is a definite rise in the
lactic acid content but it is not nearly as rapid as in those that were
completely devascularized.

There is also a drop in the glutathione

content as compared with the control but since the controls were quite

-24variable one of the test specimens is still higher than three of the con
trols.

Apparently dog No. 19 still had enough blood supply intact to

keep his metabolism normal, at least as far as lactic acid and gluta
thione content are concerned.

Table IV
Partial Devascularizations, Lactic Acid and Glutathione Content

Length of time
after surgery
16 hours
17

18
16

Lactic acid content
in mgms/100 gm tissue
Dog. No. Control
Test
15
18
21

4
20
19. 6
30. 2
13.1

20
19

39

37. 2

52
40
69
23

Glutathione con
tent in mgms /100
gm tissue
Control
Test
15. 6
12.4

10.5
4. 16
22. 3
1.4
24.7

28.2
11.4

23.4

Five human femoral heads became available for analysis during
the course of this study.

These were from patients that were having

the femoral head replaced.

These specimens were placed on dry ice

as soon as possible after removal from the patient.

The determin

ations on the first 4 specimens were not run immediately but the speci
mens were kept frozen until the time of the determinations.

The tests

on the fifth specimen were run as soon as the femoral head was re
moved.

Specimen No. 1 is from an 83 year old female operated

approximately 24 hours after fracture.

Specimen No. 2 is from

another 83 year old female fractured 10 days before surgery#

*25»
Speci

men No. 3 is from a 63 year old arthritic female fractured Z days be
fore surgery.

Fart of the contents of the femoral head appeared to he

s,pure fat'* because of the cystic changes#

An attempt was mad© to run

the tests on the fatty specimen as well as what appeared to be normal
material#

The results from both are reported in Table V#

Specimen

No. 4 was from a 56 year old female fractured Z years previously who
developed aseptic necrosis and had a nonunion.

An effort was mad© to

take the sample from a portion of the head that appeared viable rather
than from the cystic portion.

Specimen No. 5 was from an 85 year old

male fractured approximately 3 weeks before surgery.
teres was severed but part of the capsule was intact.

The ligamentum
The results for

these 5 human specimens are summarised in Table V.

Table V
Human Femoral Head

Lactic acid content in
mgms/100 gm of tissue

Patient No.

Glutathione content in
mgms/100 gm of tissue

*|

1

4T. 6

Z

33
89
22

5

19. T
38. 6

2,2

3

3 (the fatty *
specimen)
4
5

% 6
2.8

4. 17
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At the time ol surgery on the third and fifth patients the ortho
paedic surgeon removed some fragments of bone from the distal side
of the fracture* These were scraped and the scrapings were analysed
in an attempt to obtain a normal control. Patient No. 3 showed a lactic
acid of 93 and glutathione content of 13, 9 mg, per 100 gm. of tissue;
patient No* 5 had a lactic acid of 32 and glutathione content of 13, 5 mg.
per 100 gm. of tissue. For patient No. 5 it is known that the specimen
was put on dry ice immediately ami the determinations made as soon as
possible.

For patient No. 3 it is not known whether the specimen was

immediately put on dry ice, but it is known that the determinations
were made on a specimen that had been frosen for two days. It is
doubtful that being kept in a frosen condition for that long would ap
preciably alter the results.
From these 5 human specimens It Is impossible to draw a con
clusion as to what is normal. Since these were all done on patients
having a prosthetic replacement no follow-up studies are possible.
If small samples could be obtained from the femoral head and the
neck area adjacent to the fracture in those patients that were being
pinned, the determinations made and end results studied, it would be
most informative.

These specimens would have to be obtained through

some form of cannula, of course, because the neck area is not exposed
at the time of pinning.
If the determination of the lactic acid content of the femoral head
were to have value clinically as a procedure to aid the surgeon in de-

-27-

ciding the course of treatment it would be necessary to shorten the time
required t© make the test.

An attempt was made to determine if the part

of the process where the interfering substances are removed by shaking
the filtrate with 20 per cent copper sulfate, water and calcium hydroxide
and allowed to stand one half hour could be eliminated.

With this elimi

nated 0. 2 ml. of the filtrate and 0. 8 ml. of water were added directly
to the large tube and 1 drop of 4 per cent copper sulfate and 6 ml. of
concentrated sulfuric acid were added and the test carried on from
there a© described under procedures.

The results are summarized

in Table VL

Table VI
Comparison of Lactic Acid Determinations by the B egular and
Shortened Procedures

Lactic acid content
in mgms/100 grams of
tissue. B egular procedure

Lactic acid content
in mgms/100 grams of
tissue. Shortened procedure

20

17.4

62.4

63.8
22

19.7
93
20
52

13. 1
23

101
22.6
52

14.8
24. 2

It appears that the differences are not significant and that in the dog.
at least, this part of the lactic acid determination could be eliminated.

CONCLUSIONS
While it has been shown that the lactic acid content rises rapidly
and markedly and that the glutathione and alkaline phosphatase con
tent decreases definitely but more slowly, it is only possible to specu
late as to whether a biochemical analysis of the contents of the femoral
head would ever have any value clinically as an aid to the orthopaedic
surgeon in determining his method of treatment.

If it were possible

to secure the specimen easily through a puncture biopsy, this pro
cedure would definitely have merit.

It would be especially valuable

if there were some method of getting a control.

In man this would

be very difficult unless some method of taking the control on the distal
side of the fracture could be used.

There would also be danger that

in securing the specimen by means of a cannula of some type, the
femoral head might be traumatized to the extent that some of the re
maining blood supply might be cut off.

This disadvantage is shared

by the methods that involve a Geiger-Muller counter (3) or manometric needle (33) being inserted into the femoral head.

The in

jection of radiopaque dye (9), (18) can also cause damage to the re
maining vessels if it is not carefully controlled.
It is difficult to determine normal values for these constituents
in man as the orthopaedic surgeon ordinarily does not remove a
femoral head which he thinks still has a good blood supply.
-28-

Post

•29mortsm specimens would be of no value since the changes lake place
rather rapidly* especially in the case of lactic acid. All one can do
is compare the values for normal whole Mood in dogs and humans and
the known values for the femoral head contents in dogs, hi the dog the
normal lactic acid content of whole Mood is approximately 14 mg. per
100 ml. of whole Mood. Hawk (16) give* the normal for man as being
from 5 to 20 mg, per 100 ml. of whole Mood. It may be logical to con
clude from this comparison then that the lactic acid in the femoral head
of the human should approximate that in the dog* that is* about 18 mg,
per 100 gm. of tissue. Human whole Mood glutathione runs about 40 mg.
per 100 ml. and dog whole Mood glutathione about 20 mg, per 100 ml.
From these figures one would expect the human femoral head to have a
little higher content of glutathione than the dog which averages 22 mg.
per 100 gm. of tissue.
This study has been limited to the changes in 2 compounds: lactic
acid* glutathione and phosphatase. It seemed most probaMe that these
were the chemical constituents that would undergo significant changes.
It is recognised that other significant changes occur in the presence of
ischemia. These should be the subject of future investigations.

StJMMAB Y
The purpose of this investigation was to determine some of the
biochemical changes taking place in the devaceularised femoral head*
Nineteen dogs were used for the experiments.

The femoral neck was

fractured transcervically and devaecularized.

Total de.vascularinations

were performed in the majority of the animals.

The animals were

allowed to live from 35 minutes to 59 hours after surgery.

They were

then sacrificed and the contents of the femoral head analysed for lactic
acid, glutathione and alkaline phosphatase.

The unoperated side was

used for a control.
The totally devascularized specimens show an abrupt rise in the
lactic acid content leveling off at about 3 hours after devascularization.
The mean of the control specimens was IS. 4 mg. lactic acid per 100 gm.
of tissue while the mean of the test specimens after 3 hours was 111 mg.
lactic acid per 100 gm. of tissue.

The glutathione content of the totally

devascularised specimens drops from a mean of 22. 5 mg. per 100 gm.
of tissue in the control to 3. 9 in the test after 13 hours.

The alkaline

phosphatase shows a marked drop after 24 hours.
The partially devascularized specimens show the same tendency
but the changes take place more slowly.
The results from five femoral heads (four women and one man)
removed for prosthetic replacement were included.
-30*

**'

H was shown that the lactic acid determination could be shortened
for the type of specimen used in this study*
The possibility of biochemical changes in the femoral head being
used clinically as an aid to the orthopaedic surgeon in determining his
method of treatment was discussed*
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A review of the literature indicates that there have been many
attempts to determine the viability of the femoral head after trans cervical fracture of the neck of the femur.

These methods have in

cluded the use of radioactive isotopes, venography, arteriography and
intramedullary pressure determinations.

None of these methods have

proved entirely satisfactory.
The purpose of this investigation was to determine some of the
biochemical changes taking place in the devascularized femoral head.
Nineteen dogs were used for the experiments.

The femoral neck was

fractured transcervically and devascularized.

Total devascularinations

were performed in the majority of the animals.

The animals were

allowed to live from 35 minutes to 59 hours after surgery.

They were

then sacrificed and the contents of the femoral head analyzed for lactic
acid, glutathione and alkaline phosphatase.

The unoperated aide was

used for a control.
The totally devascularized speci mens show an abrupt rise in the
lactic acid content leveling off at about 3 hours after devascularization.
The mean of the control specimens was 18. 4 mg, lactic acid per 100 gm.
of tissue while the mean of the test specimens after 3 hour® was 111 mg.
lactic acid per 100 gm. of tissue.

The glutathione content of the totally

devascularized specimens drops from a mean of ZZ, 5 mg. per 100 gm.
of tissue in the control to 3. 9 in the test after 13 hours.

The alkaline

phosphatase shows a marked drop after 24 hours.
The partially devascularized specimens show the same tendency

a

but the changes take place more slowly.
The results from Eve femoral heads (four women and one man)
removed for prosthetic replacement were included.
It was shown that the lactic acid determination could be shortened
for the type of specimen used in this study*
It was concluded that if a method could be found for securing the
specimen from the femoral head in man, the biochemical analysis of
Eli® specimen could aid the orthopaedic surgeon in his decision as to
the method of caring for transcervical fracture® of the neck of the
femur.
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